In primary school, children tend to have difficulties in discriminating angles of different degrees and categorizing them either as acute or obtuse, especially at the first stages of development (6-7 y.o.). In the context of a novel approach that intends to use other sensory modalities than visual to teach geometrical concepts, we ran a psychophysical study investigating angle perception by spatially navigating in space. Our results show that the youngest group of children tend to be more imprecise when asked to discriminate the walking angle of 90Âř, pivotal to learn how to differentiate between acute and obtuse angles. These results are then discussed in terms of the development of novel technological solutions aimed to integrate locomotion in the teaching of geometrical concepts.
INTRODUCTION
The ability to discriminate angles of different degrees is taught during primary school and prepares for learning geometrical concepts of increasing complexity, e.g. trigonometry. For such geometrical concepts, the sensory modality that is mostly used is visual, indeed students are mostly requested to look at and recognize angles of different degree rather than exploring them through the other senses. Generally, children are firstly taught to differentiate between acute and obtuse angles. In this sense, it is fundamental for the teacher to make sure children understood the concept of right angle (i.e. 90°) as it represents the boundary between acute and obtuse angles. Most of the research investigating the capability of discriminating angles has focused on visual and proprioceptive [7] or visual and haptic [5] perception of angles but not many studies have employed active locomotion as mean to perceive angles of different degree. In Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the owner/author(s). MIE'17, November 13, 2017, Glasgow, UK © 2017 Copyright held by the owner/author(s). ACM ISBN 978-1-4503-5557-5/17/11. https://doi.org/10.1145/3139513.3139516 Figure 1 : Example of idiosyncratic biases to the right and left (double-headed red arrow). These biases reflect a bias to the right for straight ahead given by combining the overestimation of 90°to the left and the underestimation of 90°to the right.
a recent study, Jetzschke and colleagues [4] reported the presence of idiosyncratic biases in adults when requested to indicate whether they perceive to have turned more or less than 90°in a walking task. Such idiosyncratic biases revealed that biases to the right and to the left are correlated thus indicating the presence of a bias for the straight ahead direction (see red line in Fig. 1 ).
In this work, our goal is to test whether children of primary scholar show intrinsic biases in perceiving the turning angle of 90°. To this aim, we used a s a similar protocol to the one used by Jetzschke and colleagues [4] . We intend to quantify how accurate and precise children are in discriminating angles of different degree depending on their developmental stage. This information can then be employed to create new methods and technology to teach geometrical concepts as angle discrimination for children of every age.
METHODS
Forty-two children (age range: 6-11 y.o.) were recruited. In order to make sure they could not see their steps and the floor, participants were blindfolded and additionally provided with a customized silicon bib (see Fig. 2A ). The experimenter guided them along two segments (see Fig. 2B ), the first one 225 cm long and the second one 120 cm long. The angle between the segments was varied on a trial-by-trial basis in the range between ±50°and ±130°with a step size of 20°. Each stimulus level was repeated 5 times, leading Figure 2 : Example subject wearing the customized bib (A). Illustration of the experimental procedure (B): the angle is defined as the aperture of the angle subtended by subject movement. X is the starting position for all movements, the blue segment is the first walked segment and the gray arrows represent the turning angles. The pictured animals represent the landmarks used by subjects to give their response.
to 25 trials per block of trials; each block lasted 30 minutes. Due to the long duration of the experiment and to children difficulty to maintaining a reliable level of awareness, blocks of trials for each side were performed in different days. In order to maintain the same presentation order for each participant, we randomized the order across trials once and used that same order for each participant. Movements to the right (positive sign) and to the left (negative signs) were performed in separate blocks of trials and in separate days to make sure that participants would be able to complete the experiment. Since children might have difficulties in understating the concept of angles and especially the right angle, we employed visual landmarks positioned on the floor to be used as reference for their response (see Fig. 2B ). Before each trial, the subject was asked to remove the blindfold and look at the 4 visual landmarks. After being guided along the two segments by the experimenter, subjects were asked to report whether they arrived closer to one landmark or the other. For each block of trials subjects were forced to use the landmarks of the target side, either to the right or to the left. The landmarks were drawings of animals which were part of a story told to the subject in order to make the experiment enjoyable: each participant was told that they were going to explore a forest by being hidden inside a bush (represented by the customized silicon bib); their task was to understand whether they went closer to an animal or the other and report the response to the experimenter. After each trial, the experimenter accompanied the subject back to the start position by making a random path in order to avoid potential feedbacks about performance during the task.
DATA ANALYSIS AND RESULTS
In order to extrapolate how accurate and precise children performance is, we used an established psychophysical method, that is a psychometric function fitted to the collected data. To this aim, we fit a cumulative Gaussian to the data using the PAL_PFML_Fit routine from the Palamedes toolbox [6] which finds the best fit in a maximum likelihood sense. The mean of the distribution provides a measure of the point of subjective equality (PSE) that is the angle at which the turning angle is equally perceived to be acute or obtuse, thus perceived as a right angle (i.e. 90°). Accuracy for each participant is then given by the PSE; any deviation from the right angle represent a bias in the estimate, thus indicating that participants under-or overestimate the right angle. As a measure of precision associated with the estimate we used the SD that is the standard deviation of the fitted psychometric function and indicates variability associated with the estimate (see Fig. 3 ). Given the high variability in subjects performance and the low number of repetitions per stimulus level, for 53 over 74 measurements, the psychometric fit returned an SD lower than the minimum difference between the stimuli (e.g. see Fig. 3 ). Therefore, for the abovementioned selected dataset, we replaced the SD to be 20°and conducted the statistical analysis on these values. In the remaining cases the SD returned a level greater than 20, therefore we used the original values returned by the fit. We calculated the bias for each participant as the difference between the extrapolated PSE and the right angle (i.e.90°): negative biases indicate underestimation of the right angle whereas positive biases indicate overestimation. In Fig. 4 and Fig. 5 , we show averaged biases and SD by grouping children according to three age groups: 6-7, 8-9 and 10-11 y.o. The values of the average bias for each age group are reported in table 1. Biases are mostly negative for all ages and both for left and right sides. It can be noted that the oldest group of participants (10-11 y.o.) shows biases that tend to be on the opposite direction with a reduced bias for the angles to the left compared to the angles to the right side. However, a mixed ANOVA analysis did not reveal any significant effect given by the age group (F = 0.3, p = 0.7), the side of movement (F = 0.2, p = 0.6) and the interaction of these factors (F = 0.8, p = 0.4). Regarding precision, it can be seen that the younger the children group, the higher is the SD, thus indicating lower precision at this developmental stage as previously observed in other studies investigating multisensory perception across development [3] . This result was confirmed by a mixed ANOVA that shows a significant effect (alpha = 0.05) given by the age group (F(2,39) = 3.8, p = 0.03) whilst there was no significant effect given by the side of movement (F(1,39) = 2.3, p = 0.1) and the interaction between the two factors (F(2,39) = 0.3, p = 0.7). Post-hoc analysis (t-tests) on the variability data for both sides of movement reveal a tendency towards a significant difference between the age groups of 6-7 and 8-9 y.o. (t = 2.0, p = 0.05) and the age groups of 6-7 and 10-11 y.o. (t = 1.8, p = 0.07). We did not observe any trends for a difference between the age groups of 8-9 and 10-11 y.o. However, these tests are not corrected for multiple comparison, therefore further analysis and data collection might be needed. As in the work of Jetzschke and colleagues [4] , we ran a correlation analysis to test whether the perceived angle of 90Âř to the right and to the left are combined in a bias for straight ahead. We did not observe any significant correlation for all age groups (Pearson correlation: 6-7 y.o., R = 0.42, p = 0.19; 8-9 y.o., R = -0.29, p = 0.2; 10-11 y.o., R = -0.21, p = 0.52.), thus indicating that children do not integrate biases for the left and right side in a bias for straight ahead. The vertical dotted lines represent the PSE +/-SD that is the variability associated with the estimate. In A, the PSE shift shows an underestimation of the 90°turning angle corresponding to a negative bias of -20.7°with a SD of 2.7°. In B, the PSE shift shows an underestimation of the 90°turning angle corresponding to a negative bias of 6.2°with a SD of 13°. The horizontal line represents 95% confidence interval. 
CONCLUSIONS
This work aimed to disclose the perceptual basis behind angle perception by walking in children. Our results show that perception of the right angle is biased across all ages. These biases do not correlate between sides in spite of previous observations in adults. This finding indicates that children need more time to integrate their perceived turning angles to the two sides into one more complex spatial representation that takes both sides in account. Interestingly, the youngest group of children show lower precision in perceiving angles to the right and left compared to their older peers. Children of 6-7 years old seem to need a big turn (between 20°a nd 30°) in order to being able to discriminate between acute and obtuse angles. Although these values are based on systematic psychophysical measurements additional analysis are needed in order to be definitive and provide the proper quantification of precision depending on children age. An issue that is often encountered in research in developmental science is related to the high variability in children performance. Provided the right analysis, this result would be of great importance as it could be used in relationship to the potential employment of locomotion in teaching geometry and in particular discrimination of angle apertures with respect to the right angle.
The results presented here are valuable inputs for the WeDraw project (www.wedraw.eu), a two-year project with the scope of integrating multisensory teaching tools to the current teaching approach in primary school. The task presented here provides information that may be valuable for teachers. Knowing that tracing angles by walking is biased in most of children of primary school provides fundamental insights in the use of motor exercises to teach angles of different aperture. Teachers may adapt the task used in this experiment by simplifying it (e.g. by using the greater apertures only) to test whether specific children have biases in understanding the 90°turn. Overall, the main aim of this work is to provide the scientific basis for the development of new technological solutions to be used to teach concepts as angle aperture discrimination and comprehension of the right angle. The integration of our results with the technology developed by the project partners (e.g. EyesWeb, [2] , [1] , [8] ) and their application to use commercial devices as motion sensors (e.g. Kinect, a motion sensing input device by Microsoft) can be applied to introduce new sets of exercises aimed to teach geometrical concepts related to angles. In this sense, our results provide the psychophysical basis to develop serious games and exercises that use locomotion in space to track angle aperture and provide primary school teachers with science-based tools for teaching geometrical concepts.
